World Health Organization (WHO) panel concluded that measles can and should be eradicated. 2 The panel stressed that measles eradication efforts should be used to accelerate rubella and congenital rubella syndrome (CRS) control. Globally, rubella is a leading cause of preventable congenital defects with more than 110 000 infants born with CRS in 2008. 3 All 6 WHO regions have measles elimination targets. Four WHO regions have set rubella control or elimination targets. 4 Elimination is defined as the absence of endemic disease transmission (ie, a chain of transmission that is continuous for ≥12 months) in a defined geographical area. 1 Elimination does not imply zero cases because some cases will continue to occur owing to international importation and limited local transmission. The WHO World Health Assembly recommended proceeding to the global eradication of measles, if measurable progress toward the regional measles elimination goals can be achieved. 5 The Pan American Health
Organization coordinated the measles, rubella, and CRS elimination efforts within the Region of the Americas. [6] [7] [8] In 2011, the Pan American Health Organization requested each member country to submit a national report to verify the elimination of measles, rubella, and CRS from the Western hemisphere. The United States is the most populous country to have documented elimination of endemic measles, rubella, and CRS. The elimination of measles was verified in 2000, and the elimination of rubella and CRS was verified in 2004 by external expert panels convened by the Centers for Disease Control and Prevention (CDC). [9] [10] [11] [12] To assess whether the elimination of measles, rubella, and CRS has been sustained, the CDC convened another expert panel in December 2011 to review and discuss data compiled on measles, rubella, and CRS epidemiology, molecular epidemiology, surveillance adequacy, and population immunity. The panel concluded that the elimination of measles, rubella, and CRS from the United States was sustained through 2011. 13 This article summarizes the data (updated to include final 2011 case reports) and conclusions of the US national report on measles, rubella, and CRS elimination submitted to the Pan American Health Organization 14 and highlights the US experience with sustained elimination of endemic measles, rubella, and CRS.
Methods

Review of Disease Surveillance Data
In every state, health care providers (eg, physicians, nurses) are required to report measles, rubella, and CRS cases to their respective local health departments. State health departments report cases to the CDC directly by telephone or e-mail to the Na- United States-acquired cases are subclassified into 4 mutually exclusive groups, import-linked, imported-virus, unknown source, and endemic cases. An import-linked case is any case in a chain of transmission that is epidemiologically linked to an internationally imported case. An imported-virus case is any case in a chain of transmission for which an epidemiological link to an internationally imported case was not identified, but for which viral genetic evidence indicates an imported measles or rubella genotype. Internationally imported, import-linked, and importedvirus cases are considered collectively to be import-associated cases. Any case for which an epidemiological or virological link to importation or to endemic transmission within the United States cannot be established after a thorough investigation is considered an unknown source case. Finally, endemic cases are those for which epidemiological or virological evidence indicates an endemic chain of transmission.
Review of Molecular Epidemiology
Genotype information was analyzed from viruses associated with chains of transmission in the United States to determine whether any genotype was endemic. Cases in a single chain of transmission of measles or rubella share the same genotype and have nearly identical nucleotide sequences. A genotype would be considered endemic if sequence information showed that a chain of transmission was present for greater than 12 consecutive months. However, multiple importations of viruses with identical sequences from the same international source can occur for over several years. Therefore, it is important to show that the epidemiologic characteristics of the cases are consistent with endemic transmission before a genotype is designated as endemic.
Evaluation of Surveillance Adequacy
Verification of the elimination of endemic measles, rubella, and CRS requires documentation that surveillance is adequate to detect endemic disease. For the initial documentation of the elimi-repeat these studies but compiled data on 3 factors indicative of sustained surveillance adequacy. These factors were the detection of imported cases, the detection of small chains of transmission, and the reference laboratory testing volumes at the CDC.
Assessing Population Immunity to Measles and Rubella
To assess population immunity to measles and rubella, we compiled data from national immunization coverage surveys and reviewed published data on vaccine exemption and measles and rubella seroprevalence from the National Health and Nutrition Examination Survey.
26 Measles-mumps-rubella vaccine (MMR) coverage data were obtained from the National Immunization Survey (NIS), the National Immunization SurveyTeen (NIS-Teen), and kindergarten immunization surveys conducted by the states. The NIS and the NIS-Teen are annual nationally representative telephone surveys that obtain provider-verified vaccination histories.
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Results
Disease Surveillance Data
Measles Epidemiology From 2001 to 2011, a total of 911 cases of measles were reported (annual median number, 61 cases [range, 37-220 cases]). The annual measles incidence remained below 1 case per 1 000 000 population ( Figure 1 ). The highest average annual incidence occurred in infants 6 to 11 months of age (4.1 cases per 1 000 000 population) followed by children 12 to 15 months of age (3.6 cases per 1 000 000 population). For all other age groups, the incidence was below 1 case per 1 000 000 population every year. Most measles cases were unvaccinated (65%) or had unknown vaccination status (20%). From 2001 to 2011, there were 372 (41%) imported measles cases; 215 (58%) occurred in US residents returning from international travel, and 157 (42%) occurred in foreign visitors. Measles importations were associated with travel from 57 countries. China, Japan, India, Italy, the Philippines, and the United Kingdom were each associated with 20 or more imported cases. On average, 34 imported measles cases were reported each year (with a maximum of 80 cases in 2011). Of the imported cases, 83% did not result in any additional reported cases, 8% were transmitted to only 1 reported case, and only 9% resulted in outbreaks (defined as 3 or more linked cases). Import-linked cases accounted for 239 cases (26%) and imported-virus cases accounted for 190 cases (21%) (Figure 2 ). In total, 801 reported measles cases (88%) were import-associated cases.
A total of 110 unknown source cases (12%) were reported (annual median number, 6 cases [range, 2-25 cases]). Among US counties, 3063 (98%) reported no unknown source cases; 49 counties reported only 1 unknown source case, and 18 coun- Copyright 2014 American Medical Association. All rights reserved.
ties reported more than 1 unknown source case (with a maximum of 9 cases) ( Table 1) . Outbreak-related cases comprised 478 (52%) of total measles cases, and 66 measles outbreaks were reported (range, 2-16 outbreaks per year). The median outbreak size was 6 cases (with a maximum of 34 cases). The longest outbreak lasted 11 weeks. Sixteen outbreaks included 10 or more measles cases. Of these outbreaks, 13 (81%) had an imported case as the index case, and 3 (19%) had genotype information that indicated an imported measles virus ( Table 2) . Measles outbreaks occurred in multiple settings, predominantly in unvaccinated communities that object to vaccination.
Rubella and CRS Epidemiology
Final data on rubella cases for this report included the 72 cases reported to the National Notifiable Diseases Surveillance System from 2004 to 2011, minus 2 cases determined to be vaccine related after reporting. Also included were 7 cases reported through National Center for Immunization and Respiratory Diseases programs, giving a total of 77 rubella cases for this period. The annual median number was 10 cases (range, 4-18 cases); incidence remained below 1 case per 10 000 000 population (Figure 1 ). Cases were reported from 57 counties, with no county reporting more than 4 total cases. Cases were reported in 63 weeks (15% of weeks during this period). The median age was 29 years (range, 5 months-61 years); 60% of rubella cases occurred among adults 20 to 49 years of age. Eighty-eight percent of rubella cases were unvaccinated (34 cases [44%]) or had unknown vaccination status (34 cases [44%]). Among the cases for which country of birth was known, most (33 cases [58%]) were born overseas.
There were 31 imported rubella cases (40%), 4 import-linked cases (5%), 7 imported-virus cases (9%), and 35 unknown source cases (45%). Overall, 42 rubella cases (54%) were importassociated cases (Figure 2 ). Importations occurred from 18 countries; the most common being India (6 importations). Overall, 86% of imported cases did not result in any additional reported cases, and 14% resulted in transmission to only 1 reported case.
From 2004 to 2011, 35 unknown source rubella cases (45%) were reported (annual median number, 6 cases [range, 0-9 cases]). No unknown source cases were reported from 99% of US counties, 31 counties each reported 1 unknown source case, and 2 counties each reported 2 unknown source cases.
From 2004 to 2011, 2 rubella outbreaks were reported, each consisting of 3 cases. No imported source of exposure was identified for either outbreak. One outbreak was associated with imported virus genotype 2B, and the other was an unknown source outbreak. Eight rubella cases occurred in 4 chains of transmission of 2 cases each. The remaining 63 cases (82%) were isolated cases.
A total of 4 CRS cases were reported, with 2 cases born in 2008 and 1 each born in 2003 and 2004. The average annual reported CRS incidence was less than 1 case per 5 000 000 births. Three CRS cases (75%) were imported, with maternal exposures occurring in Nigeria, Côte d'Ivoire, and India. The mothers of these 3 children were born outside the United States or had an unknown country of birth and had unknown vaccination statuses. The fourth case was an unknown source case of a child whose mother was born in the United States, had no history of international travel or exposure to foreign visitors or to rubella, and had documented receipt of 1 dose of MMR vaccine. 
Molecular Epidemiology
Measles Viruses in the United States Measles genotype information was obtained from 31% of isolated cases, 52% of 2-case chains, 68% of outbreaks with 3 to 5 cases, and 93% of larger outbreaks. Eleven different measles virus genotypes (of 24 recognized genotypes) 28 were identified with 3 to 6 different genotypes detected each year ( Table 3) .
The most frequently detected genotypes varied from year to year; however, between 2008 and 2011, there were multiple imported-virus cases in which genotype D4 was detected. The number of imported or import-linked cases with genotype D4 increased from 4 in 2010 to 47 in 2011, reflecting the widespread transmission of genotype D4 measles viruses in Europe during 2011. 29 The parallel increase in imported-virus cases with genotype D4 from 3 in 2010 to 43 in 2011 suggested that these cases resulted from transmission from undetected imported cases or from an undetected link to reported imported cases. The longest chain of transmission associated with a genotype D4 virus that was not linked to importation lasted 10 weeks during May, June, and July 2009 (Table 2 ). In the 9-month periods before and after this outbreak, only 1 case with a genotype D4 virus not linked to importation was detected.
In addition, analysis of the distribution of genotype D4 cases across space and time indicated that the imported-virus genotype D4 cases did not occur in a continuous or focused pattern suggestive of an endemic chain of transmission. were reported to the CDC (18 imported cases). Genotype information was available for 13 cases, and 4 different genotypes (1E, 1G, 1J, and 2B) were identified. Nine imported cases had genotypes consistent with the known source country. Two imported-virus cases were identified among cruise ship crews, and association with source countries was not possible. Analysis of nucleotide sequences from imported-virus cases showed no linkages between cases, and no genotype occurred in a pattern suggesting that it was endemic.
Evaluation of Surveillance Adequacy
Measles, Rubella, and CRS Surveillance and Outbreak Response Surveillance for measles, rubella, and CRS in the United States is a passive but rapidly responsive system and has been described and evaluated in detail. [10] [11] [12] [13] [14] [15] [16] [17] [20] [21] [22] [23] [24] [25] Once a case is reported, an active investigation is initiated to identify the patient's contacts in order to determine the source of exposure, identify additional cases, and prevent further transmission by vaccinating contacts who lack evidence of immunity.
To verify elimination, a surveillance system must be capable of detecting endemic transmission. United States surveillance capacity to detect a chain of transmission that continues for 12 months or longer is clearly demonstrated by the consistent detection of small chains of transmission and isolated imported cases. Of the 448 chains of measles transmission reported, 306 (68%) had imported sources, and 382 (85%) were isolated cases or 2-case chains (Table 3 ). All reported rubella cases either were isolated cases or occurred in 2-case chains with only 2 small outbreaks.
The CDC measles and rubella laboratories provide confirmatory serologic testing, specialized serologic tests, and molecular diagnostics and virus genotyping. 32 In the last 6 years, the CDC measles laboratory has performed confirmatory measles IgM testing on more than 1000 serum samples and has performed virological testing on more than 1500 specimens. The percentage of students who claim exemption to school immunization requirements ranged from less than 0.1% in Mississippi to 6.2% in Washington. 37 Vaccine exemptors tend to cluster geographically. 38 For example, the 2010-2011 countylevel nonmedical-exemption rates in Washington ranged from 1.3% to 27.5%. 39 There is some evidence of an increase in vaccine exemption in the United States in recent years. 
Discussion
Collectively, the very low disease incidences, the high proportions of importation-associated cases, the absence of endemic genotypes, the adequate surveillance, and the high levels of population immunity all indicate that the elimination of endemic measles, rubella, and CRS has been sustained in the 
